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Abstract 
In order to rapid, accurate and non-destructive identification in parcels in the digestive system of human body, the heroin, 
simulated skin and heroin covered by simulated skin have been investigated using energy dispersive X-ray diffraction (EDXRD) 
at different scattering angles and detection time, respectively. The respective diffraction profiles are obtained. The aim is to find 
out the optimum detection degrees and the shortest detection time to identify the heroin from simulated skin, and to provide the
experimental basis for further identification in parcels in the digestive system of human body. The curves measured under 
different test time are analyzed by statistical method. The results indicate that the heroin can been confirmed at 14° scattering 
angle within one minute. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Drug has been a puzzling problem in worldwide. Drug smuggling is increasingly rampant, and criminals’ drug 
trafficking means is cunning and changeable, a major one being the concealed in parcels. There are strict 
organization and definite division in drug trafficking group. Presently, drugs are transported through a variety of 
routes. Especially, it has been an important carrying method for drug trafficking group to hide drug in human body 
across the border. This method has already been the important smuggling means characterized with small-lot and 
intensiveness, including swallow drug and stuff drug through anus or vagina [1].It is of high concealment, 
furthermore it is difficulty to find and seize. Therefore, instant and accurate detection of hidden drug in high-speed 
flow of crowd and cargo has already become an urgently science and technological problem related to national 
security.
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At present, there are many drug detection methods and means, such as X-ray perspective detection, digital X-ray 
imaging technology, dual-energy (more energy) X-ray technology, neutron analytical techniques, associated particle 
imaging and biological detection, which are traditional method non-destructive. X-ray inspection apparatus are 
prohibited to inspect the human body because high doses of X-ray are harmful to human. The false positive rate of 
the last there methods are high because the drugs, explosives components, and some organic ingredients are very 
close [2-4]. At the moment, few of literatures related to detecting and identifying drugs hidden in the body or 
covered by simulated skin by EDXRD are been reported. 
As a method of X-ray inspection, energy-dispersive X-ray diffraction (EDXRD) has been used for many years to 
measure the atomic planar spacing in a crystalline substance. In order to detect the body, the time taken to collect 
and analyse the diffraction spectra must be minimized. On one hand, the different spectral lines of energy spectrum 
and diffraction profiles are simultaneously recorded, on the other hand, radiated X-ray beam from the sample to the 
detector is poly-energetic, without any filter and processing, thus maintaining the original strength. As a result, the 
time to record the spectrum and diffraction pattern using energy dispersive spectrometer will be very short. 
Moreover, the data collection time can be reduced by optimizing the geometry of the system to collect as many 
scattered photons as possible whilst maintaining a sufficiently high momentum transfer resolution to allow the 
profiles from different substances to be clearly identified. The X-ray scattering spectra from drugs in their respective 
characteristics can be found in the diffraction peak which is regarded as their “fingerprints”. By comparing 
diffraction profiles of the drugs and body, one can confirm whether drugs are present in the body or not. So, 
EDXRD is proposed as a suitable non-destructive method to rapidly identify drugs in body. 
Whether can EDXRD be used to inspect the drugs hidden in the human body? What are the optimum detection 
parameters? And what effect of human skin will cause in detection process? In this article, an account will be 
presented of the application of EDXRD to detect heroin, simulated skin and heroin covered by simulated skin at 
different angles and detection time. The aim is to find out the optimum detection degrees and the shortest detection 
time to identify the heroin from simulated skin, and to provide the experimental basis for further identification in 
parcels in the digestive system of human body. It can also provide the database for development alarm system of fast, 
accurate and automatic detection heroin hidden in the human body. 
2. Theory and method 
The principle of operation is to irradiate the sample using a pencil beam of polychromatic X-rays and to measure 
the X-ray photons scattered under a fixed angle, allows the detection of several peaks which is differentiated by their 
specific energy and corresponding d-spacing within the material. In EDXRD, a polychromatic X-ray source is used 
and the diffraction profile is measured using an energy resolving detector [5].  
The corresponding diffraction features appear at discrete angular values, as defined by the Bragg relation: 





,                                                                                  (1) 
Where d is the spacing, c is the speed of light, ș is the scattering angle and E is the energy of diffraction peak. 
When the scattering angle is fixed, corresponding d-spacing can be calculated according to the spectral lines of 
energy in the diffraction peak. Thereby, we can confirm the crystal structure and chemical structure of sample. 

Fig.1. Schematic illustration of the EDXRD experimental arrangement 
The experimental arrangement is shown in Fig. 1. For the present experiments, a polyenergetic X-ray spectrum 
was generated using a tungsten target industrial X-ray tube with 2mm diameter focal spot operated at 40 keV and an 
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anode current of 30 mA. The Si (Li) detector with 8ȝm “Be” Window Thickness and 170ev FWHM consist of a 
1024 multi-channel analyser. 
For the purposes of this study the pure heroin was sealed in plastic membrane and formed into 1 mm thick sheets 
sample. The sample, sample covered by simulated skin and simulated skin were tested at different scattering angle 
and detection time, respectively. The simulated skin is a kind of artificial skin, which composition and structure is 
very similar to the human skin. The thickness of simulated skin in this study is 7.5mm. 
3. Experimental results and discussion 
The choice of scattering angle is of critical importance as it will affect the resolution, energy and intensity of the 
diffraction profiles [6]. When the angle is low, the angular-dispersive of collimator must be reduced in order to keep 
the collimator angle resolution. In addition to that the increase of the angular-dispersive will cause the decrease of 
the energy of diffraction peak, which results in the decrease of the penetrability of the X-ray. 
Fig.2.The EDXRD profiles of heroin at different scattering angles 
The optimum range of scattering angle was selected by measuring the spectra of pure heroin at the 1 ° intervals 
between 9 and 16 °scattering angles. The EDXRD profiles obtained for pure heroin at different scattering angles are 
shown in Fig. 2. It can be seen from Fig. 2 that the most distinctive patterns occur at detection scattering angles 
producing a series of well-resolved peaks, and the largest number of higher intensity diffraction peaks emerged at 
14° and 15° scattering angles. There are fifteen diffraction peaks of heroin at 14° scattering angle, while 12 
diffraction peaks at 15° scattering angle, see the table 1. 
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Table.1 The energy and d value of heroin diffraction peaks at 14°and 15°scattering angle 
14e scattering angle 15e scattering angle 
E/keV d (Å) E/keV d (Å) E/keV d (Å) E/KeV d (Å) 
12.66 4.0230 14.96 3.4045 11.87 4.0062 15.45 3.0779 
12.89 3.9512 15.62 3.2607 12.04 3.9496 15.58 3.0522 
13.06 3.8998 15.78 3.2276 12.37 3.8443 15.85 3.0000 
13.42 3.7952 16.24 3.1361 12.53 3.7951 16.37 2.9049 
13.55 3.7588 16.44 3.098 13.65 3.4837   
13.84 3.6800 16.70 3.0498 14.07 3.3798   
14.57 3.4956 17.16 2.9680 14.60 3.2571   
14.70 3.4647   14.89 3.1937   
Compared to standard PDF, the difference between d value of the Table.1 and d value of the PDF is less than 0.02 
Å, which is very small. So, scattering angles between 13° and 16° are defined appropriate range of scattering angles 
to detect the heroin covered by simulated skin. 
Fig.3. Comparison of EDXRD profiles of heroin covered by simulation skin and simulation skin at different 
scattering angles 
Energy-dispersive diffraction profiles at the range of 13°~16° scattering angles of two kinds of samples, the 
heroin covered by simulated skin and simulated skin, are shown in Fig. 3. The test time is 300 seconds. It indicates 
that below 14°scattering angle there are no obvious difference between black line and red line. As a result, it is 
difficulty to identify the heroin which is covered by simulated skin. In the interference of simulated skin, heroin 
appeared several obvious diffraction peaks which are different from the spectra of simulated skin 14°, 15°and 16°. 
Not only can the largest number of heroin diffraction peaks be seen particularly at 14°, but also a lot of the counts 
corresponding to these peaks are visible. So, the scattering angle of 14° is regarded as suitable for the detection of 
heroin concealed in body. Furthermore, EDXRD can be processed and identified using the computer at this 
scattering angle. In the meantime, the data collected could be taken a series of process in computer, and the process 
results could be compared with the EDXRD profile of standard sample in data base, which can provide reference for 
practical detection of heroin hidden in human body in future. On that basis, the automatic, instant and accurate 
detection could be achieved in the near future. 
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Fig.4. Comparison of EDXRD profiles of heroin covered by simulation skin for 1min, 2min, 3min, 4min and 
5min at 14° 
In order to detect heroin hidden in the human body using X-ray, on the one hand, the time taken to collect and 
analyze the diffraction spectra must be minimized, on the other hand, the results could meet the purpose of detection. 
So it is necessary to determine the reasonable detection time. The heroin covered by simulated skin are detected for 
1min, 2min, 3min, 4min and 5min at 14°, respectively, are shown in Fig. 4. It indicates that diffraction peaks of 
heroin are clearly visible at 14° within 1min, which are different from the scatter diagram of simulated skin 
(compared to the fig. 2 and the fig. 3). 
(a) (b)
Fig. 5.˄a˅Counts of 2min, 3min, 4min and 5min minus counts of 1min respectively,˄b˅Counts of per 
second
To verify the feasibility of 1min detection time, the 14° scattering angle data of 1min as a subtrahend minus the 
data of 2min, 3min, 4min and 5min, respectively, see the Fig. 5 (a). Then the five sets of data are also divided by the 
corresponding detection time, as the number of photons collected per second, and then curve vertical translation of 
50 units, are shown in Fig. 5 (b). The result shows that the curve of each diagram is very similar, and there is no 
obviously higher resolution even if the detection time is prolonged. Moreover the diffraction peaks of heroin 
covered by simulated skin are visible within 1min detection time. So, it is reasonable that 1min was regarded as 
detection time. 
To further verify the feasibility of 1min detection time, curves measured under different test time were analyzed 
by statistical method, see the Table. 2. According to characteristic peaks of samples, the spectra between 300 and 
500 were selected. The distance between the two corresponding points in two curves can describe the similarity of 
two curves. The n points were selected in one curve, and premise that all distances between corresponding points 
were the same, the two curves would be regarded as the same. Although the premise is impossible, the average D
and mean square deviation³2 of those distances should obey to normal distribution regardless of personal count 
error. Generally speaking, the difference of two same curves in theory results from personal count error. Therefore, 
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the similarity of two curves in confidence interval with square deviation of Dfn can be defined by the number of 
data in this confidence interval divided by the number of total data. In the case of normal distribution, ³ is full 
width at half maximum, and n=1, so the confidence interval is Df³. Similarities of curves of 2 min, 3 min, 4 min 
and 5 min with curve of 1 min were 74.13%, 73.63%, 74.13% and 75.12%, respectively. The similarities were close 
to each other, which showed that prolonged count time had no improvement, and the count time of 1 min was 
feasible in detecting heroin covered by simulated skin. The reasons why multi-channel energy dispersive instrument 
can detect the spectrum with short count time are listed as follows: first, different with spectrometer or power 
diffractometer, multi-channel energy dispersive instrument can simultaneously detect the number of counts under 
different energy. Second, the ray transmitted from sample to detector held enough intensity due to no 
monochromatization. 
Table. 2 EDXRD profiles of heroin covered by simulated skin similarity of 1min with 2min, 3min, 4min 
and 5min at 14 °scattering angle 
 2min and 1min 3min and 1min 4min and 1min 5min and 1min 
D 9.943 12.187 12.272 12.923 
ı2 69.839 95.626 100.119 119.062 
ı 8.378 9.803 10.031 10.939 
D+ı 18.32 21.99 22.30 23.86 
D-ı 1.56 2.38 2.24 1.98 
ȝ 149 148 149 151 
Ȟ 201 201 201 201 
(%)
Q
u 74.13 73.63 74.13 75.12 





Position, intensity and number of characteristic peak could be changed with the detection angle. The proper 
detection angle and time should be chose in practical application so that the most abundant diffraction spectra 
information of target samples can be obtained. In this paper, heroin covered by simulated skin has been investigated 
using EDXRD at different scattering angles and detection time. The results indicate that the heroin can been 
confirmed rapidly from the simulated skin at 14° within the one minute. The information of EDXRD profile can be 
taken as the proof of determining whether the heroin is present. In the meantime, the data collected could be taken a 
series of process in computer, such as Background Deduction, Feature Extraction, and the process results could be 
compared with the EDXRD profile of standard sample in data base, which can provide reference for practical 
detection of heroin hidden in human body in future. On that basis, the automatic, instant and accurate detection 
could be achieved in the near future. 
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